I -INTRODUCTION
In the Ithaca Conference (1961), Hikata et al. /1/ reported that the ultrasonic wave can "see" the motion of dislocations. Sachs and Green /2/ have also researched the orientation dependence of dislocation damping. Some of the early work in this field was summarized by True11 et al. /3/. In the last ten years increasing attention was paid to the effect of a bias stress on the ultrasonic attenuation in metal single crystals /4-7/. It was seen that /6/ the first motion of dislocation is controlled by the existence of the lattice friction stress (Peierls-Nabarro stress).
According to a mechanism of interaction between dislocation and point defects some typical shapes of Aa-a curve have been explained and the connection with the low frequency internal friction spectrum has been established /7/. Otherwise Wang et al. /8/ have found that the interaction between ultrasonic shear wave and moving dislocation can give rise to second and third order harmonic waves.
I1 -EXPERIMENTAL PROCEDURE
The composition of the steels used in the present work is given in Table 1 . After heat treatment the start materials were carefully ground to standard compactible The measurements of u l t r a s o n i c a t t e n u a t i o n were c a r r i e d o u t u s i n g t h e p u l s e echo method d e s c r i b e d elsewhere / 9 / . We r e c o r d t h e change o f a t t e n u a t i o n by means o f a X-Y r e c o r d e r w i t h an accuracy o f 0.003 dB/ps. An X-cut q u a r t z t r a n s d u c e r w i t h fundamental frequency 10 MHz and diameter 10 mm was c a r e f u l l y coupled on one sample p l a n e i n c o n t a c t w i t h t h e crack t i p . On t h e o p p o s i t e plane o f t h e sample t h e crack l e n g t h was measured by means of a microscope.
The frequency o f f a t i g u e was 95 and 150 Hz f o r s t e e l I and 11, b u t t h e frequency o f 0.02 Hz was u t i l i z e d t o measure a t t e n u a t i o n as a f u n c t i o n o f l o a d P d u r i n g c y c l e deformation. The upper and l o w e r l i m i t s o f f a t i g u e l o a d were chosen as 12 kN and 4 kN f o r s t e e l I, and 20 kN and 4 kN f o r s t e e l I 1 w i t h an accu acy of 0.1 kN. A f t e r a c e r t a i n number o f f a t i g u e 5 c y c l e s ( 2 x 1 0~ f o r s t e e l I and 5x10 f o r s t e e l 11), t h e a-P were measured and t h e l e n g t h o f f a t i g u e crack was observed under average s t a t i c load.
The a-P curves f o r d i f f e r e n t c y c l e number n a r e shown i n Fig. 1 , i n which t h e curves d u r i n g l o a d i n g and u n l o a d i n g a r e c o i n c i d e n t w i t h each other. The change o f a t t e n u a t i o n Aa d u r i n g a c y c l e from F i g . 1 and t h e crack l e n g t h a as a f u n c t i o n of c y c l e number n i s shown i n Fig. 2 .
It i s c l e a r t h a t t h e Aa n c u r v e i s i n good c o r r e l a t i o n w i t h t h e a-n curve, and t h e v a r i a t i o n o f Aa i s t r a c e d o u t d u r i n g t h e p e r i o d o f crack n u c l e a t i o n . A s i m i l a r r e s u l t was o b t a i n e d f o r s t e e l 11.
The a-P curves o f s t e e l I , shown i n Fig. 3 
, i n t h e range o f 0-12 kN have been measured f o r d i f f e r e n t d i s t a n c e d between t h e d i s k o f q u a r t z and t h e t i p o f crack, when t h e f a t i g u e crack had developed t o t h e l e n g t h 14 mm. It i s apparent t h a t t h e a t t e n u a t i o n decreases i n t

The s t e e l s I and I1 a r e r e s p e c t i v e l y h i g h and m i d d l e s t r e n g t h s t e e l . S i m i l a r f e a t u r e s o f a-P curves f o r b o t h s t e e l s were obtained. as i n Fig. 4, 'but t h e a t t e n u a t i o n o f s t e e l I 1 v a r i e d more smoothly d u r i n g l o a d i n g o r unloading. I V -DISCUSSION A mechanism of d i s l o c a t i o n breakaway /5/ has been used t o i n t e r p r e t t h e u l t r a s o n i c a t t e n u a t i o n o f d i l u t e A1 a l l o y and pure A1 d u r i n g b i a s s t r e s s experiment. Recently a model o f geometric k i n k c h a i n /10/ has been considered t o c a l c u l a t e t h e a t t e n u a t i o n as a f u n c t i o n o f b i a s s t r e s s . W e suggest a combination o f t h e t w o models, sketched i n Fig. 5. The d e n s i t y o f d i s l o c a t i o n s , and a l s o t h e d e n s i t y o f geometric k i n k s , i s very h i g h i n tempering s t e e l s . The s i d e w i s e m i g r a t i o n o f t h e geometric k i n k s f e a s i b l y t a k e s p l a c e under a small a p p l i e d b i a s s t r e s s and t h e d i s l o c a t i o n loops between p i n n i n g p o i n t s can be bowed o u t , as i n Fig. 5h, so t h a t t h e l e n g t h o f d i s l o c a t i o n segments v i b r a t i n g under t h e s t r e s s o f t h e u l t r a s o n i c wave i s decreased, i .e. L c ( o ) < LclO). As i s w e l l known / 3 / , t h e u l t r a s o n i c a t t e n u a t i o n due t o d i s l o c a t i o n s i s a
AL . It i s e x p l a i n e d t h a t t h e a t t e n u a t i o n decreases w i t h i n c r e a s i n g b i a s s t r e s s i n t h e b e g i n n i n g p e r i o d o f loading. When t h e a p p l i e d b i a s s t r e s s i s over t h e c r i t i c a l value, t h e d i s l o c a t i o n may break away from p i n n i n g p o i n t s , t h e n l e n g t h LC c a t a s t r o p h i c a l l y becomes t h e f u l l network l o o p l e n g t h Ln, and t h e a t t e n u a t i o n d r a s t i c a l l y i n c r e a s e s w i t h i n c r e a s i n g b i a s s t r e s s .
The o p p o s i t e process w i l l t a k e p l a c e d u r i n g unloading, b u t near t h e c r i t i c a l s t r e s s t h e d i s l o c a t i o n w i l l n o t a g a i n be pinned, u n t i l d i s l o c a t i o n l o o p s move back near t h e i r e q u i l i b r i u m p o s i t i o n , i.e. t h e l e n g t h o f d i s l o c a t i o n l o o p s i s approximately equal t o t h e o r i g i n a l l e n g t h Lc(0). 'Hence t h e change o f a t t e n u a t i o n i s a l s o s m a l l e r d u r i n g u n l o a d i n g and a h y s t e r e s i s l o o p o f a t t e n u a t i o n can be o b t a i n e d i n t h e r e g i o n near t h e c r i t i c a l l o a d d u r i n g c y c l e deformation. The 5% area i s l a r g e enough t o increase t h e t o t a l attenuation. The c r i t i c a l l o a d i n a-P curves i s probably a u s e f u l parameter f o r i n v e s t i g a t i n g t h e behavior o f d i s l o c a t i o n s d u r i n g fatigue.
The c r i t i c a l load should correspond t o t h e s t r e s s under which a p a r t o f t h e d i s l o c a t i o n breaks away from t h e p i n n i n g p o i n t s under u l t r a s o n i c stress. As an examination o f t h i s model t h e d i s t r i b u t i o n o f s t r e s s near t h e quarts
The e f f e c t of s t r e s s c o n c e n t r a t i o n around t h e c r a c k t i p on a t t e n u a t i o n can b e used t o e x p l a i n t h e r e s u l t of Fig.2 . The i n c r e a s e of t h e l e n g t h of c r a c k d u r i n g f at i g u e is accompanied by t h e e x t e n s i o n of ' a r e a i n which t h e breakaway s t r e s s of d i sl o c a t i o n i s achieved, s o t h a t t h e Aa-n curve can b e analogous t o t h e a-n curve. 0 2 4 6 8 10 n x 10-5 Fig.3 a-p c u r v e s f o r d i f f e r e n t d i s t a n c e d Fig.4 Comparison of a-p curves between t h e c i r c l e of q u a r t z and t h e between s t e e l I and I1 t i p of c r a c k f o r s t e e l I up r i g h t f i g u r e i n d i c a t e d t h e shape of sample, o i n d i c a t e d q u a r t z . 
